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ABSTRACT / ' ' " * / ' 

The solar energy labor force, is apalyzed by 
identifyinq the importance of education and training in th-e 
commercialization and diffusion of solar technologies, disCusslAg 
issues f or planning and analysis 'of * solar education and . tr,aining ^ 
efforts, and illustrating the range of programs and courses pres^ 
available. Four general perspectives are reviewed concerning .tke 
diffusion of such a new technology as solar -energy systems, witii^ 
special attention to the education and training issues. Planning 
analysis issues discussed include ^he following^ whether there is 
need for more education ani training programs, and of what' kinds; 
possible roles of the federal and state governments; the avai^latoi^ ty 
of trained workers- for the. manufacture of solaj systems ; the ' 
tradeoffs between expeoiding the capabilities of persons already 
within the field or training unemployed and underemployed persons 
solar workers; and the allocation of- effort between training 
and traihing trainers. Examples of programs and courses are given, 
the four identified categories: general education, professional 
energy education and training, technician trailKLng, and solar 
industries infrastructure training. The general conclusion is ttk 
large number and variety of education and training programs and 
courses are presently offered, but that little or no evaluation' 
individual programs or the overall effort has yet been- done. 
(Author/CT) 
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f Abstract * 

^ - . - * 

An impojrtant part of analyzing employment and labor force requirements in. the 
solar energy field is determining the availability o^ trained and experienced 
Workers and of programs to provide additional training. ^ - 

Thi^ paper provides a base for analysis of these labor force supply questions 
\>y identifying the imporrtance of education and training in the 
commercialization and diffusion, of 6olar techn^Ogies ^discussing i&sues- for 
planning and analysis of solar education . and training efforts, and* 
illustrsfting the range of programs and courses -presently available. V 

. . ■ ■: / ^, ; 

The paper reviews four .g^^neral perspective^ ^:;On the dif fusion ^of a new 

technology ,^uch as solar energy sVstemsr, wifc]^^ spetial^^^^t tent ion to the 

education and training vissues . j -^ ^^i^i^"^ "i'^^'^'^ 



Planning and analys^^s Issues distussed Ac 
more education and training programs, and ^xVwy^afC^'X 



lether there is a need for 
^nds; -the possible roles of 
the fedeyal an(i stat^^overnmehts ; the^^yaill^l^ trained workers for the 

nranufactux;e of solar ^systems ; the^ trad'Sofa^st expaSiding tHe capabilities 

^ of persons alrela^y within the flVAffi field or training unemployed and 
^'underemployed ptersons as sol^r .wo^er«x^^nd th6 aUocati^n of effort between 
trtlniSig Jforkers and training trAij^^rs. ' - " \ • 

oE^Wmpl^S " of programs and " courses,' are !,'"grj6n, fforyuie four categories 
?^ I'dj^tlWed^^: * general education, professional solar er^rgy education and 
■ ttilning, technician training, anil * solar \industries infrastructure training. 



Tl>4 "general conclusion .is that a large number and^ variety of education and 
i training programs and courses are presently of feared , but that little or no 
jvievaluation of individual programs or t\ie o^||rall effort has yet been done. 



■ ; 
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SECTION. 1.0 
INTRODUCTION 



Solar energy may hold the potential for supplyii^ig a significant portion of the 
nation's energy needs 1 in the future. A recent report by th^ Council on 
Environmental Quality pl^€dicts that one quarter of all U.S. energy could be 
supplied by solar technologies by the year 2000 [1]. A second report by the 
Office, of Technology^ .Assessment (OTA) suggests the importance of solar 
technologies could grow substantially over the next ten years [2]. The • 
Domestic Policy Review of Solar Energy estimated that in the year 2000, solar 
energy technologies could displace between 9.4 and 18.1 quads of energy 
Supplied by other fuels (estimates for the Base. Case of $25/bbl and ,for the^ 
"Maximum Practical" Case) [3]. The * optimistic* outlooks of these reports, 
however, assume that publicly funded efforts will encourage solar energy 
commercialization, and' that barriers to diffusion of solar energy technologies 
can be overcome or minimized. 

A nuinJber of policies and programs have been developed at the state and 
national ^ level tb accelerate the commercialization of solar technologies. 
Over' half of the states offer some form of solar property tax incentive, and 
23 states are ^supporting sola,r energy research, development, and demonstration 
projects [4]. The National Energy Act of 1978 provides significant personal 

•and corporate income tax credits for investments In solar energy systems. 

, These federal and state ' incentive programs are intended to stimulate the 
growth of both the solar energy industry and the solar purchaser market.* 

One major concern of policymakers charged with promoting the commercialization 
and diffusion process is to identify barriers and reduce or, eliminate them 
where possible. ' The ' shortage (either national or regional) of trained and 
experienced manpower has beejj raised as one possible barrier to diffusion of 
new technologies suc^ as solar energy devices and systems [5,6,7,8]. The 
extent of consumer acceptance (and, therefore, of market penetration) of solar 
energy technologies may depend in part on the availability of trained manpower 
to manufacture, install, and maintain solar systems. 



*While much of the general discussion in this paper is meant ^ to apply 
to the broad range of solar energy technologies (e.g., biomass, 
phOtovoltai<:s , ocean thermal, solar heating and ■ cooling) , most of the 

^Specific examples focus on solar space and water heating applications. 
This focus accurately reflects the current status of education and 
training efforts; the vast majority of programs concentrate on the 
space and water heating applications . 

• « 
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Experience with the New England Electric .System Solar. Project showed the 
importance of trained solar workers^ in the' diffusion of domestic hot water 
heating systems. In this, pro ject , the utilities sponsored the retrofit of 100 
sblar -hot water heatitig systems. Fifteen of the ^installations worked well. 
Of the rest, 8, had no serio\iS breakdown, 57 had at least 1 major stoppage or 
breakdewn requiring ^repair by technicians, and about 20 provided Severely 
interrupted and unreliable service. , Most, of the problems were attributed to^ 
installation flaws. The installers and nvanuf acturers of the 15 systems , which' 
operated well were among the most . experienced with solar systems. /None of the 
installations were supervised by experienced' solar system engineers. In 
general, the installations would have satisfied standards for conventional 
systems but were inadequate for solar systems [9].* 

A secpnd policy concern is to understand and prepare for changes in labor 
market conditions and job skills which may result 'from diffusion of solat 
energy technologies. There ,is considerablef variation among estimates of 
direct, labor requirement's for solar energy techi^6logies . In addition, most of 
the existing studies do not take into account the indirect labor requirements, 
the geographic dispersal of the job changes, and the extent to which jobs will 
be' created for indi^duals presently under- or unemployed [7]. 

A third major concern is for coordination ajid information exchange among 
existing solar education and training programs. The present solar training 
effort involves many actors (federal government, community colleges, unicTns, 
industry, universities). There appears to be a need for coordination and 
information exchange to ensure that tha right type and number of training 
courses are^ offered, to meet but not exceed' the projected labor demand. 
Despite uncertainti.es ' about the labor and skill requirements pf solar energy 
technologies, tr,aini^ig programs on solar technology are rapidly being 
initiated across the nation. ' Preliminary ^stimate« from a national survey of 
educational institutions are that about 700 educational institutions are 
offering some form of solar study. There are approximately '150 turricula or 
programs offered, 36 of which are at the graduate level.** . 



*According to EdWard Carlough, President of the Sheet" Metal Workers 
Union-, nona of the installations were done by union members (comments 

'at Labor Leadership Workshop on ^olar Energy Commercializations, 
Silver Spring, Maryland, June 9, 1978). 

**The Congressional Solar Coalition, with cooperation from the SERI 
Academic Programs Branch, has completed a national survey of solar 
courses and programs offered by educational institutions. The results 
of this survey are reported in The 1978-79 National Solar Energy 

. Educaition Directory , to be available through the U.^S. Government 
Printing Office' in February 1979.' 
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One of the U.S. Department of Energy's (DOB) responsibilities is to" identify 
the appropriate' role of educational institutions and activities w^Xh regard to 
energy matters, not only to increase ^public understanding of ^the energy 
situation but also to help ensure that the necessary manpower is availhble to 
address the energy challenges of the future [10]. To this end, DOE is 
involved in a variety of programs supporting energy-related education in the 
United States. The- five principal areas of involvement by DOE and its 
predecessor agencies are: (1) training, (2) curriculum development, (3) 
special educational events, (4) facilities support, and (5) the Energy' 
Extension Service [10]. . 

Part of SERI's mandate is to provide support to the national progran) to 
develop and comn^ercialize solar energy technologies. Two specific functions 
are to "provide planning support to DOE in the development of national solar 
energy polloies" and to "conduct market analyses and assessments of 
institutional barriers to the Irttroductton of solar technologies." As part of 
.these functions, the Analysis -Tind Assessment Division of SERI has developed a 
task to address the^'labor, manpower, and training requirements of solar energy 
technologies. The major objectives of .that task as described in SERI's FY79 
Annual Operating Plan are: 

• to review and provide critical analysis of programs addressing the 
manpower and training requirements of selected solar energy 
technologies ; 

m to provide support for DOE program activities which relate to solar 
employment and training;and * 

• to provide' analytical support to the Academic and International 
i- ' Programs Division of SERI [11]. ^ ' 

This paper and a compendium of solar training and education courses [12] are 
the first output of'- the training portion of the task. The purposes of this 
paper are to identify the role of ^training* and education prograifts in the 
commercialization and diffusion of solar technologies, and to specify issues 
' which will need to he addressed by those responsible for developing and 
evaluating solar education and training policies and programs. 

The paper discusses four general perspectives on the diffusion of a new 
technology such a's solar ener*gy systems, explores the role of education and 
training programs in the diffusion of • technological innovations generally and 
solar energy technologies in particular, identifies a number of policy issues 
concerning solar education and training programs, and Cites examples of some 
ongoing and proposed programs in solar heating and cooling.^ We are reviewing 

4 



*A related project is addressing the' labor and skill requirements for 
solar energy techno logies. The la 1 1 i^i 1 framework for that project 
is presented in Mason and Arming ton ( 1978). [7| • ' . ' 
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these four diffusion perspectives In order to build on the variables and 
relationships which researchers have Identified as Important In the diffusion 
process. From studies of other Innovations, we hope to define the role^s) of 
education and training programs In the diffusion process. We will also ask 
whether the research on diffusion provides any Insight useful for the 
development of educational and training programs. Although we are concerned 
about the Importance, of education and training relative to other factors 
influencing diffusion, neither the data nor the theory are sufficient to 
measure re^Iatiye importance. 
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SECTION 2.0 

THE ROLE OF EDUCATION AND TRAINING IN 
THE DIFFUSION OF INNOVATIONS 



The diffusion of innovation refers to the process by which new ideas or 
products spread among indi vidua Is and/ or organizations in a social system. 
Commercialization is a subset of the diffusion process, concerned with the 
establishment of a vj^able private demand for a product or system and an 
industry able to meet this demand [I3]i. The literature in diffusion of 
innovations is extensive and addresses specific products purcha^d or used by 
individuals, the spread of political and social ideas in a society, and the 
adoption of new processes by firms -and industries. Education and( training are 
discussed in the literature as they affect the willingness of individuals to 
adopt new technologies and as they train the persons needed to manufacture, 
provide, and service innovations. 

A recent overview of approaches to diffusion research is found in a paper by 
Lawrence A. Brown [14). He identifies and discusses four major approaches to 
diffusion rei5earch: the adoption, market and inf rastr'ucture ,^ economic 
history, and development perspectives. According to Brown, the adoption 
perspective focuses on "the process by which adopt-ton of the innovation 
occurs, (or) the demand side of diffusion." The market and infrastructure 
perspective addresses "the process by which innovations and the conditions for 
adoption are made available to potential adopters, (or) the supply side of 
diffusion." The economic history perspective is Concerned with "the 
precondit ipns for diffusion whereby the innovation is adapted to the needs and 
situations of potential adopters." " The development perspective deals with 
"the social and economic consequences of the diffusion of a given innovation 
and the interrelationship between social and economic change, development, and 
diffusion" (p. -4-5). Each of these four approaches treat the training and 
education ^issues ''differently.. For each approach, the relevance to solar 
education and training issues will be discussed. 

2.1 THE ADOPTION PERSPECTIVE <. • 

The adoption perspective is the traditional approach to diffusign research and 
Constitutes the largest body of literature. It also has had the most use in 
developing and analyzing public policy [14, 15]. One example is ^^e use of 
this approach in the development and Continued evaluation of the Agricultural 
Extension Service. 

The re^arch on diffusion and adoption of innovations was collected and 
analyzed by Everett Rogers in '1962, and updated by Rogers and Floyd ShoeraaTcer 
in 1971 [16]. The central theme of their book is the importance of 
Communication in the entire socTal change process. Rogers and Shoemaker 
describe diffusion as the process by which information about new ideas or 



products is communicated to the'members of a social system; social changes may ^ 
result from the adoption or rejection of the idea or product. While changes 
in knowledge or attitudes may result, the primary measure of diffusion is 
whether -a behavior change has occurred. Based on- their analysis of existing 
,research, Rogers and Shoemaker defined the five most important characteri^ics 
of innovations, as perceived by the adopters, which .influence the rate of 
adoption: ( L) relative advantage in economic and noneconomiC terms; (2) 
compatibility with existing values and past experiences of the receiver; (3) 
complexity; (4) tr ialability , or the degree , to wMph the ^ innovation can be 
tried on 'a limited basis ; and (5) observability, or the/ visibility of the 
innovation's resultfs to others. . , . . ^ 

The primary' disciplines surveyed by Rogers and Shoemaker were anthropology, 
sociology, rural sociology, education, medical sociology , communication , and 
marketing. 'Economics, psychology, geography, and other disciplines with small ^ 
amounts of diffusion literature were also covered. Eight upain topics in 
diffusion research were identified: rate of adoption in a social system, rate 
of adoption in different social systems, perceived attributes of innovations, 
characteristics of innovators, earliness of knowing about innovations, 
characteristics of opinion leaders, use of communication channels, and 
consequences of innovation. Rogers and Shoemaker identified the shortcomings 
of the existing research at that time as (L) the difficulty of taking into 
account the fact that diffusion occurs over time, with no clear beg^inning or 
end, (2) emphasis on the nature of the innovation itself rather than the 
general process and the theory, (3) the focus on optional decisions by the 
individual rather than on ^rfecisions with a collective or authority nature and 
on individual adopters rather than adoption by communities or organizations, 
(4) the use of the individual as the unit of analysis rather than the 
relationships amang individuals, and (5) the concentration of studies on 
modern societies (i.e., the United States and Western Europe) rather than on 
traditional systems. 

Of primary concern in the adoption perspective is the innovat iveness ot 
individuals and the factors which influence innovativeness . Work by 
Hagerstrand in geography* expanded the concept of innovativeness to include 
social and economic resistance of individuals. According to Hagerstrand, 
social resistance occurs when adoption of the innovation would be inconsistent 
with the individual's values. Economic resistance results from practical 
factors which make adoption difficult or impossible. Levels of social and 
economic resistance vary as a function of personal and group characteristics. 



*A discussion of Hagerstrand ' s conceptual model of the innovajrion 
diffusion process and later modifications of his work can ^b^ found in 
L.A. Brown (1977) and L.A. Brown (JL978). Hagerstrand ' s 1953 book has 
also been translated from Swedish ^y A. Pred as Innovation 
Diffusion as a Spatial P rocess , University of Chicago Press, 1967. 
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with higher levels of resistance requiring more infortaation for adoption to 
occur [14]*. - . 

The literature collated by Rogers and Shoemaker pri%farily addresses specific 
innovations adopted by individuals or communities (e.g., f louridation) . The 
adoption perspective has also been applied to adoption of innovations b^ 
firms {17]. Instead of focusing on communication . channels and messages , M^^^/^ 
impijrtant variables are the proportion of firms already using the innovation, 
the profitability' of using the innovation, and . the investment required to 
install the innovation, ^ 

The work done wi^thin the adoption perspective is particularly * useful for 
designing and assessing the effectiveness of solar education programs for the 
general %public and for potential adopters. These include mass media or 
educational institution efforts to provide a general understanding of solar 
energy, public or private programs to encourage consumer acceptance and 
purchase, and ^^ograms to promote ' industrial adoption. Particular : 

contributions of the adoption perspective include defining the' characteristics 
of an innovation which influence the rate of adoption, the . structure of^ 
information networks, the role and characteristics of opinion leaders, and the 
significance of different media as a function of the point on the diffusion ' 
curve and the type of technology**. 

The adoption perspective does not address the institutional or technical 
barriers to the diffusion process. For this, we need to explore the next two 
perspectives discussed. 

2.2 THE MARKET OR INFRASTRUCTURE PERSPECTIVE , 

The market or infrastructure perspective' on diffusion research was developed 
to handle discrepancies between Hagerstrand ' s nfodel and observed 
reality [18, 14]. This model of the innovation process is composed of three "" 



.*A planned study in the Analysis and Assessment Division of SERI will 
explore the factors influencing the individual's energy-related 
decisions. For a research plan, see Farhar, Barbara C, 
Charles Unseld , ' Patr ic ia Weis, and Barbara Burns, Social Dimensions 
of Solar Diffusion , Technical Progress Report, (draft) 
SERI, November 1978. ^ 

D , ■ . 

**Extensive work in the adoption of innovations has resulted in a 
graphic, representation of the rate of diffusion over time. It is 
referred to as the diffusion carve ^or the S-curve. A discussion of 
this^urve and its use and form in market penetration models can be 
found in Schi f f el , Dennis , Dennis Costello, David Poaner, and Robert 
Withplder. The Market Pene tration o^f Solar Energy: A Mod4l Review 
Workshop Sa mmary , Golden, Colorado: SERI-L6, January 1978. 



activities: the establishment of diffusion agencies , establishment of the 
innovation, and adoption of the innovation. Particular attention is focused 
on the supply side of diffusion by addressing the characteristics and role of 
the diffusion agencies. Agencies are categorized by their organizational 
structure, with the extremes being a mononuclear (or highly centralized) 
propagation structure and a polynucleanf (or fragmented) structure [14]. The 
approach is unique in the diffusion ^Literature because it focuses on the 
agencies that handle the diffusion of .the innovation. The approac^. recognizes 
both the supply and demand side oF diffusion, the creatioa and use of an 
infrastructure, and the marketing J^f the innovation. At present, the solat 
industry and the solar educatio^ and training effort are fragmented or 
poLynuclear. Examples of preseri^' dif fusion agencies for solar energy are the 
Department of Energy, the regional solar energy centers (NESEC, MASEC, Western 
Sun, and the Southern Regional Office), the national SERI , the Solar Energy 
Industries Association (SEIA) , and the International Solar Energy Society 
(ISES). Agencies involved in the diffusion of solar technologies will 
probably grow rapidly over the next few 'years. As such, the growing 
infrastructure will demaad persons trained in areas such as research, 
marketing, education, and management who have a knowledge of solar energy. 

In this perspective on diffusion research the adoption decision is also tie^ 
to the presence and characteristics of the infrastructure. Two sets of 
factors are thought rto influence the decision and behavior of the potential 
adopter: (1) "the potential adopter's need or desire for the innovation and 
his ability to obtain it," and (2) "(the) infrastructure that enables or 
enhances the subsequent use of the innovation and generally is made available 
through the actions of persons other than the adopter" [14, 13]. In the case 
of residential solar systems, for example, the infrastructure would include 
the sales, service, and repair organizations. To the extent that utilities 
adopt solar energy as a source of grid power, the established utility 
infrastructures would apply. Browq sees the infrastructure factors as 
important for only some innovations and, in those cases, feels that their 
absence may constrain diffusion. In the market and infrastructure approach, 
only a few of the factors controlling innovation diffusion relate to 
communications and innovati veness , which are cited by other approaches as 
primary factors in the adoption perspective. This approach also sees 
diffusion as having a variety of patterns which cannot be explained by a 
single process, with phenomena proposed by some researchers as empirical 
regularities of diffusion (such as S-curves) occurring only under certain 
circumstances. 

Within the solar energy area, this perspective has been incorporated into the 
concept of "a technology delivery system (TDS). As charted by Ezra [19] and a 
report for DOE [20], the TDS ranges from the research organizations to the end 
consumers, including such institutions as trade and manufacturers' 
associations, realtors, labor unions, and taxing authorities. Ezra includes 
technical information and manpower needs, but does not explicitly treat 
education and training ^ needs . The DOE report includes media, public education 
and information, and training for installation* and maintenance., Education for 
solar professionals such as engineers and architects and for those involved 
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in the infrastructure (e.g., market research, sales, distribution, financial 
institutions) is not explicitly included. 



2.3 JTHE ECONOMIC HISTORY PERSPECTIVE 

A third perspective on diffusion research is that of the economic 
hi^torian^ , B, 14]. Innovation is considered to be a continuous .process 
involving /many technical changes rather than a discrete technological 
phenomeno^. The approach allows for a gradual transition from the "old** to 
the '*new'/ ^technology, including a period of "back-up** syst^s^, the' improvement 
of the t4chVoIogies to be "replaced and the continued development of the new 
technology. Because of these characteristics, tlriB^ approach is the most 
4escriptive of the diffusion'of solar energy technologies^ 

Rps^nberg [8] identifies seven factors whi^ have histgrically played a 
iSignificant role In the innovation^ diffusion process. The first, and mpst 
important, of these factors is the continuity of inventive ac;tivity, i.e., the 
gradual development of /^the innovation. Treating ihnovadions ^s sharp 
discontinuities, in technological development ignores the continued 
improvements arid modifications that are made duri<ng the diffusion period.^^ 
Rosenberg states that even major technological breakthroughs have a much more 
gently declining slope of cost reduction than one would expect from tlie 
literature. The process of implementing the technique or adopting the 
innovation also consists of a series of small steps, with the former 
technology retained until the new one has proven itself. 

Rosenberg feels that this factor is particularly important because the present 
definition of innovations ^^^^^^crete phenomena distorts the view of the 
diffusion process. As he staH|H|f" # . .we are led to treat the period after the 
conventional dating of an irv^pfion as one where a fairly well-established 
technique is awaiting adoption whereas, in fact, highly significant 
technological and economic adaptations are typically waiting to be 
made" [8, p. 4]. The solar energy technologies illustrate this factor fairly 
well. The technologies are ^undergoing continual development and improvement. 
It is likely that the transition from conventional energy supplies to 
alternative sources — even if solar energy becomes clearly cost-effective — will 
be a gradual process, both in time as well as technological development. 

A second but related factor is the improvement made in the invention after it 
is initially introduced. New inventions are often crude and may represent 
only a minor or questionable improvement over existing techniques. Therefore, 
diffusion may be slow. Rosenberg cites studies of railroad technology, which 
attribute more increase in productivity to the improvement of an innovation 
than to the initial development. Solar energy is still a developing field of 
technology and important improvements are likely to occur, particularly in 
solar electric systems . 
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The third factor is. the development bf skills among users of the innovation, 
Rosert^erg feels that learning curves within an established technology a<i:e well 
recognized, but .that "the role of learning experiences in Recounting for the 
gradual improvements of new technologies and thei^r slow diffusion has not ^ 
received mu^i attention" [8, p. 8 ] ^In %ome Cases, he points out, the skills^ 
ane acquired on the job and cannot be easily transferred through formal 
education. Diffusion in these cas6s relies on the. movement of knowledgeable 
and 'trafne* pprsans. This is the most explicit treatment, of training and^^ 
education in t^e diffusion literature. Unlike Rosenberg's ^e^ample, solar- 
training includes both formal education (principles of design anci sizing, for 
example) and on-the-job experience (seeing what re.ally work« in different 
siti/ations) . Fpllowihg, Rosenberg ' s reasoning , however, the rade of diffusion 
of sol^r technologies increase as trai .ed solar workers^ become' more 

available and as designers and installers gain experience and a reputation for 
reliable performance of their systems, ^ 

The fourth factor is' the development of skills in machine-making. In the 
past, numerous inventions had to await the development of appropriate 
machinery and techniques before actual production and diffusion could take 
place. Even today, the diffusion of a tectinological development may -depend 
upon conditions in ' the- capi tal goods industries and improvements in production 
processes. 

The fif|:h factor concerns complementary inventions which increase the 
possibility that the new techniques will be, diffused. In many cases, 
bottlenecks are • encountered which requireS/additional inventive activity. 
Rosenberg cites the numerous railroad innovations between 1807 and 1910 as an 
example of this complementarity. ^ 

These last two factors do not appear to pose, major barriers , tZK) the 
commercialization of S^l^r space and water heating systems.- For solar 
electric technologies , however , a more complex technological, advaiace .is 
required. • The commercial success of photovoltaics, for example, depends ^^6n 
technical or production process breakthroughs to reduce the price per kilowatt 
to the competitive range. 

Rosenberg identifies the sixth factor which may slow the diffusion of the 
innovation as the continued improvement of the "old" technology,. In many 
studie'S, he say§, interest in the old technique ends as soon as the new one is 
introduced. In reality, improvements continue to be made in the existing 
technologies which may slow the diffusion of the new technique. Rosenberg 
suggests that this push froiru an innovation may cause more improvement in ^ 
existing techniques than do the regular pressures of competition. The current 
energy situation is an example of the importance of this variable. Projec-ting 
the market penetration of solar energy technologies must take into account 
current developments in other energy technologies, such as increased 
.efficiency of conventional heating systems, increased home insulation, 
improved heat pumps, and recovery of oil and gas from^ shale and coal veins. 
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Th^ last factor defined by Rosenberg "'is the' uncertainty in the innovation 
'.process. By tViis ;he means "..^.the uncertainty generated not only by 
" tfechhplogical innovations elsewhere in the economy, but by further impl^6vement 
ip_ tge technology whose intrbduction Is now^ . being' T considered " ij>. 17 The 
adbptron decision -may be adversely affected by a high rate of inno(vation, 
i.e., i'f the adopter expects^^ fur ther significant improvements lin. new 
technique or even yet oth^r new techniques^, he may be reluctant kb adopt the 
*new technique.. In these sj.tuati9ns, a decisioi). to invest*in the ^nefW technique 
may soon be obsTolfete. An ,^example of this un^^ertainty in'^the solar energy 
field .is the ' pos^ibilitiy , that tnye^tmfent in silicon tec+inblogy for 
photovalta'ic^ celjls ''i will ' be made obsolete by the .results of ''advanced R&D 
programs. Addittor^lly the proliferation of similar technologies makes it 
difficult to make ja fully informed decisic^n to adopt. TJiese comments will^^ 
undoubtedly sound familiar to many ^ homeownex^ who feel that the s^>lar 
J technologies will probably'' improve, and tbat they should wait to see what 
improvemeat s^' are made and wli^ether the costs decrease. In the case of 
builders /contractors , and the HVACT trades, the C(jptinuing changes in and wide 
variety of 'solar .energy sy;stems make it .difficult to justify the personal 
investment needed to become knowledgeable about any one techn61ogy. Vhis 
^ diMiculty extenfds to training, where individuals ask to ^.what dxtent they 
should train for specific solar energy systems'ol^t might be obsolete in a few 
years," - 

2.4 THE DEVELOPMENT PERSPECTIVE ^ 

The fourth perspective on diffusion research is the development perspective. 
This perspective 1 "... considers both the role of the level of development in 
the diffusion process and th^ ^impact of diffusion practices vpon ifidividual or 
collective ^welfare" [14, p. 27]. This approach has grown out of ttaditional 
adoption perspective, modified by >the results of field studies in d.eveloping 
societies and ^he Insights gained fro^ the market and infrastructure model. 
In particular, the development approach incorporates resources such as 
information and capital, and their distribution through means such \as public 
infrastructures and services.^ This approach^also considers ^the way in which 
the chara^^ierist ics of the infrastructure affect individual innovativeness and 
. entrepreneurship, a relationship which appears more strongly in the field 
studies of developing societies than in earlier diffusion research. 

The communication model used in this approacli, as in the adoption perspective, 
is the two-step flow of communications. ^he development perspective shows 
this communication pattern more clearly. Messages are directed from the 
diffusion agencies to the opinion leaders in the population, who/ then pass the 
information on to the general populatipn. In solar heating and cooling these 
opinion leaders include builders, architects, mortgage bankers, real estate 
agents, the HVAC trades, developers and others. These P^^P^^^j^^ "^t only 
part of the solar energy infrastructure, but are also inf ormat JfflBpources for 
individuals considering the purchase of a solar system. ^Hr^ • ' 

Other important concepts in the development approach are adoption rent , or t\\e 
differential benefits gained by early: vs. later^ adopters; the differential 
benefits for adopters vs. non-adopters; and the categorization of innovations 
as benefitting large-scale or small-scale operations and as labor-augmenting 
vs. material-augmenting. The first two of these concepts may be useful in 
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studying the adoption of sorlar energy technologies, but the last concept Is 
the only one directly relevant to employment and t^lrilng analyses. , 



2.5 SUMMARY 



At present there are two major needs to be met to encourage -the diffusion and 

" 3/ and ' 



commercial izampn^ of solar te'chnolQgifes^ and kyjptem^ — a need to ^provide 
l^icentives to increase the llkeliWod t.hat J c^ns^umers , ^lousinesses , ' at^ji 
utilities iWill adopt salar energy systems (the ^demand , sid^p, 4fnd a7need^< to 
ensure th^t the innovation is available and CQmpetlti^e, and, that maintenance 
and^ other i services are:- ^availarole Xthe' supply side). ^ i^e adoption and-?* 
development perspectives afe aimed St the adc^ter of the innov'^^ipn; ,aiid are 
useful \^ developing public |>^ograms to* educat^ potential purcfhalpers. of solar V 
technologies. These perspectives are also ilsefeul in idftattifyii^ causes , of^ 
individual resistance to ^^^ptioa, and in c^yey(ff ping information .programs or 
Incentives to reduce the resistance. These tifo perspectives d^^not, however, . 
address the institutidQ^l mechanisms for ov\ barriers* to diffusing the^ 
innovation. " For those .questions, the market and infrastructure perspective 
-and the economic history perspective are more relevant. ^ * \ 

» ■ ■' , . ' ' • _ ,1 - 

T^ie ^ole. of education and technical trainings in the dif fiisioi^ process is 
handled explicitly only by the economic historians. As discussed ear 1 ier , . 

.this includes "'the development of skillsjjj among users andj skills in machine; 
making* the shortage of ne^eded skills is clearly identified by economic 
historians, as a barrier to diffusion or as a braking influ^ence on the rate of 
diffusion. The market and infrastructure approach, as de;sctfibed by Brown, loes ' 
not explicitly handle training and education questions but there are a r; niber 
of ways in which these issues are implicit. For example, trained persons. are 

^needed to establish and operate the diffusion agencies'*, and to proyide the /' 
personnel for the infrastructure. The discussion of the TDS for solar ^energy . 
does include some of the training and education issues. In' general, education 
* and training are, needed for the people involved in tbe manufacture and 
assembly, the marketing and communications, and the j delivery and maintenance 
of the innovations. Table 2-1 relates the areas of education apd training we 
have discussed to the major components of the innovation diffusion proce^s.^ 

y . 
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*As SERPs work in this area cantinues, it may be useful to integrate 
, the education and training needs t^i4:h the complete solar « energy TDS . 
That level of detail is beyond the scope of this paper. ^ 
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.Table 2^1 EiDUGAXIONAL AND X.RAINING PRQpRAMS ' 
. ." > In THE DIFFUSION PROGgSs ' 

; ' , ■ ■ ' ' ;■' PARTICIPANTS IN'/ 



COMPONENTS ' , ; 
OF DIFFUSION PROCESS'^ 



: . r EDUCATION Ht^D TRAINING PROGRAMS . 



D'e>telopment and S^roduptioti ^ ^ Research* a|i<! pevelopme^nt^P.ersonnel ^ ^ 

of, the Innovataon , ; / - ; Sy^s terns Designers - 'f 

^ - / SkilT^d Manufacturing ^Workers ^ . 

Development of Infrastructure Marketing r^ind Sal^i^^>Managers 

to ^rovide^nd Service Innovation . Builders/md *Dev^!^mfers ^ 
\ _ Fi;tiancia5t^nst:i^^ 

' ^^rs 

and WQrAcers 
irs an^i^ssessorS 
Engineeritig Firms 

Development of, the Markets 

i ■ ■ ... ' 
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_ . Section 3.0 | 

federal training and. education programs to facilitate 
a diffusion of technological innovations 

The i^ajpr areefi\in which the federal government has traditionally supported 
education and training /programs- to faciTi^ate the diffusion of technical 




were developed* primarily to improve^ th^ employment prospects of individual 
not to diffuse innovations. ' - ■ ! 



k limited number of e:jisting programs by DOE and the Department of Labor (DOL) 
have addressed the education and training of persons involved in the diffusion 

\p£* energy technologies.' * Training programs have be,en implemented to provide 
needed fkilled workers for nuclear energy development (the Tecj||iology and 
'fraining program in Oak Ridge) and for solar planning and installatioa 

(CETA' programs in California).* The Solar'*"Technology Transfer Program (STTP), 
implemented in Fiscal Year 1977, is a major DOE effort.. to encourage the 
development of tiie ^olar energy industry thropgh commercialization of edrly- 
Impact *solar applications. One of the program objectives is to develop and 
implement a broad range of educational programs.^ Accordingly, ST^P 
established the Installer Training and Education Program, "aimed at ensuring 
the early availability of competent solar equipment installers for the solar 

"industry" [23]. . - 



In addition, the STTP provides technical assistance to rffie Eficrgy Extension 
Service (EES) program authorized by Congress and implemented in September, 
1977. The ten ^states currently participating were selected dn a competitive 
^'basis (Alabama, Connecticut, Hichigan New Mexico, Pennsylvania, Tennessee, 
Texas, Washington, Wisconsin, and Wyoming) . Each of the ten states has 
receivecj a grant of approximately $1.1 million to provide the public with 
techr|ical ener|^^related, information and to encourage^ the use of solar and 
other renewable energy resources [ 24 ] . The 19-month pilot project allows each 
state to design, develop, and ^mplemeht ^ its own' particular program, with 
varying emphasis on educatioh-related activities, thus establishing 
communication, channels at a local level.** 

^ \ \ . 



\ 



*Two well~publi<iized Cfv^A solar energy traiuing programs in 
California are at the S^n Jose Branch of the Center for Employment 
Training and at Callrf^nia State' at Sonoma (formerly Sonoma 
State College) . 

**Thirty-nine states and six territories have received $30,000 
grants from DOE to prepare for an expansion of the EES to a 
nationwide program. 
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The newest program was announced in August, 1978^^ by DOE, the Department of 
Labor, and the Community Services Administration. Thi& is a one year program 
for experimental and demonstration projects in ^Solar Ut iHzation/Ecotjftmic 
Developmeht and Employment (SUEDE). The program is intended to "demonstrate 
the feasibility of improving the quality of life in low-income communities by ' 
means of: providing solar related training to CETA enrt^llees; expanding 
employmeat opportunities; assisting low-income , people with energy matters; ^ 
increa^sing the utilization of solar technologies and applications in low- 
income* communities; .expanding businesfs development, particularly minority 
business; and increasing economic > development in de^pressed communities/' Each 
pilot project ^wi^l train CETA enrollees in th^"" Vbasic skills' to design, 
construct, install ;nd maintain certain types of solar hot water/space heating - 
or related systems appropriate to the needs of low-Income home^;" , The plans 
are for "15 to 25 CETA trainees at each site to complete training and to enter 
the consti;uction, construction-related, and solar trades and other appropriate 
job markets." Practical experience is provided in . the projects by the 
Installation of 30 to 75 solar hot water or space heating systems in each 
project community; State and local governments will act as prime sponsarfe for 
DOL funds authorized by CETA to be used for participants' wages and training 
expenses, with DOE and CSA funding equipment and material costs. All three 
agencies will be responsible for providing technical assistance and training, 
monitoring the projects, and disseminating the results [25]. 

Federal government programs in most energy areas are concerned with educating 
the adopters or training persons involved in the design, instaillation , and 
service of the new technologies. Training of manufacturing and sales personnel 
has generally been left to private industry. 
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. GENERAL OBJECTIVES AND ISSUES OF SOLAR ENERGY EDUCATION 

AND TRAINING PROGRAMS 

A number of objectives have been defined for the solar enelrgy education and 
training effort. The broadest objective of 'these programs is to provide 
infoinnatioiC dbout the range of available solar energy systems and their 
general characteristics. t^ot only does this aid in the overall diffusion of 
sola.r knowledge, but it may also contribute to increased '-acceptance of the 
solar energy^ technologies. With regard to employment, the programs seek to 
reduce the possibility that a shortage of trained and experienced 
professionals would be a barrier to diffusion of the 'innovation. As a whole, 
the programs might also affect general labor market conditions by easing, the 
structural imbalances caused by eaergy policy changes and opening up 
bottlenecks in labor supply. Other objectives proposed by various groups are 
(1) to imprave the employment outlook in some skill categories, (2) to 
increase j.obs for certain groifps outside the traditional efiergy labor force 
(e.g., minorities, women), (3) to aid in reducing the costs of solar 
technologies, and (4) to increase the reliability of solar devices and 
systems. 

Deciding on the objectives for a particular program or for the solar training 
and education effort as a whole requires consideration of Some basic issues. 
The most important issue is whether there is g> need for more programs : id. If 
so, of what kindw Answering this question requires clear information about 
how many and what types of programs are now available, the number and type of 
graduates, and what types of on-the-job training are provided. Thie other type 
of* information needed is how many and what types of jobs exist and are 
projected in the solar energy field. If a long- term shortage of trained 
workers is the reason given for the training effort, what is the possibility 
of creating a short-term surplus? Can solar energy workers be trained broadly 
enough to accept other work in plumbing, sheet metal fabrication, etc., until 
the inarket expands? This information is needed before relevant and timely 
training programs can be developed and implemented. . - . 

A second major issue is the role of the fejderal government in developing 
curricula-, supporting education and training * programs (i.e., through 
organiz^4on grants or the use of CETA funds), and/or developing the job 
market through commercialization efforts. To the extent possible, the federal 
governmeTit presently seems to* be encouraging private efforts by school^,, 
industry, ^nd the states rather t;han taking over direct responsibility for the 
programs. Examples include supporting the development and widespread use of 
educational .and training curricula, using CETA funds to train underemployed 
and unemplb^^ed individuals, and vsupporting conferences where educators and 
trainers can discuss their programs. An additional role for the government to 
consider ia^; voluntary certification of courses or programs to ensure quality 
control an^ comparability of the training. 
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A third issue- is whether there are ^sufficient numbers and types of trained 
workers for the manufacture of the solar systems. (The economic historian 
perspective referred to this area as the skills for machine making and for 
users bf the technology within the firm.) A limited numbner of stjidies h^ve 
looked at whether the actual or perceived shortage of trained workers affects 
the decision to adopt . or produce a new technology. Grossman et al. [5] 
studied the *skill levels before and after the adoption of technological 
changes in plants, and found very little 6hange . They hypothesized, 
therefore, that shortages of trained workers restricted plant managers in 
their decision to adopt a new process. An analysis of the Grossman findings 
by Thomas [6] and a study by Piore [26] did not support the hypothesized ' 
shortage problem. Thomas does, however, say that work is needed on-^he' 
relationship between diffusion of innovations 'and employment and training 
issues, the role"^ of the federal government in, training , and the evaluation of %^ 
existing and proposed training programs. Preliminary indications from a survey 
of solar companies are that basic manufacturing and fabrication skills are not 
a problem in the soldr energy field and need 'not be the focus of government 
education and training programs [27]. 

A fourth issue involves the basic rationale underlying the salar training 
effort. Should the effort be focused on expanding the capabilities of persons 
already within the HVAG field, or on training unemployed and underemployed 
persons as solar workers? The first view is often argued by trade unions, 
with the justification I it solar energy v^ill be part of larger HVAG systems 
or will require traditional backup s>^stems, and that the unions have a 
sufficient number of members to handle the increased work load. The other 
view is supported by those who consider adoption of solar energy technologies 
as a chance for decentralized, community-oriented power systems, and as the 
basis of a growing area of employment which might be of more interest than 
traditional jobs to . those with a history of employment problems. The SUEDE 
pilot^; program discussed earlier explicitly addre^sses the training of 
unemployed individuals as part of community development. Also, two current 
programs in prisons are training inmates to produce and install solar 
collectors (Florida and Connecticut). ^ , 

, A last issue is the optimal allocation of training effort be'tween training <♦ 
workers and traiqinji^ trainers. Neither one can be done alone, and they 
contribute differently to the diffusion of solar energy technologies. In 
cases where the U.S. is training solar workers in other countries or in 
economically depressed areas of the U.S., training the trainers would seem to 
be the best use of limited human and budgetary resources. The training of 
trainers may also be a way in which the federal government can influence the 
content of education and training |)rograms for solar workers and promote the 
rapid diffusion of new solar tMier^^y information and products. 
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SECTION 5.0 

TYPES OF SOLAR ENERGY EDUCATION AND TRAINING PROGRAMS 

0 



Education and training programs in the solar energy area take a variety of 
forms and affect the entire diffusion chain or TDS , from the research and 
develapment personnel to the purchaser or user of the innovation. Four broad 
categories of programs can be Identified: general ed^cation,^ professional 
educatnjn, technician training, and infrastructure trainings There are no 
clear lines* among these categories,, ysinfe many of the education and trainring 
programs are being designed and marketed for a wide range of audiences (e«g«, 
homeowners, installers, architects, sales persons, engineers). The programs 
are discussed in the category where they seem to be most focused, with cross-^' 
references where necessary. Other categorizations (such as by type of-^program 
sponsor) may be more useful for particular readers, but are not as releyant^to 
the purposes of this paper. 

Extensive listings of educational and training programs can be foijnd in *a 
number of sources.* This paper will try to presen-t some representative 
examples*, but does not intend to provide a comprehensive listing of all solar 
education activities currently underway.** 



*Listlngs of available «ind planned programs can be found in Barker, 
Helen and Bert Mason. A Preliminary Tabulation of Solar Training and ' 
Education Programs , Golden, Colorado: SERl/RR-53-109 , November 1978, 

' and "Installing Solar: Training Expands to Meet the Need", HUD Sblar 
States , September 1978, U.S. Government Printing Office. Other 
listings or directories can be obtained from the following 
organizations: The National Solar Heating and Cooling Information 
Center, P.O. Box L607, Rockville, Maryland '20850 (800-523-2929, • 
in Pennsylvania-800-462-4983) ; The International Solar Energy 
Society^ American Section, c/o Smithsonian Radiation Biology Lab, 
12441 Parklawn Drive, Rockville, Maryland 20852; "California 
Educational Opportunities for Solar Energy and Energy 
Conservation at Institutions of Higher Education", c/o Congressman 
George E. Brown, Jr., 36th District of California. The Congressional 
Solar Coalition with cooperation from the SERI Academic Programs 
Branch has conducted a survey of courses offered by educational « 
institutions. The first directory. The 1978-79 National Solar Ejier^ 
Education Directory, will be available from the U.S. Government 
Print i"n^{)ff ice in Kohruary 1979. The Solar Energy Education Data 
Base resulting from the surv(»y is intended to be annually updated. 
iMans are to also expand i t ^; coverage to include courses offered by . 
unions, industry, public intt'r(^st groups, and state and local 
governments. 

**M()st n\ the i i\ t o rma t i on on specitiv programs discussed in this 
paper was gatliered In early summer ol 19/8. Persons wishing 
later data on enrollments, for exan^ple, are referred to The 
1978-79 National S<)lar I'Jiergy Kdu/atlon directory (see prior 
t ootnoti* ) . 



5.1 GENERAL EDUCATION PROGRAMS 



General education programs In solar energy are of three types. The first type 
is aimed at promoting basic awareness and overall consumer acceptance. These 
programs ojj^rate through the regular school system (K-12 and colleges), free 
universities, adult and cont inuing educat Ion , the mass media, and workshops or 
conferences. The objecti^ves of sucli programs are to increase -awareness .of the 
energy problems, inform, persons about the general types of solar systems 
available (such as the characteristics of passive solar homes) , increase 
knowledge of conservation practices, and provide general information for the 
"pdrchase of solar systems.* 

A number of energy education materials for grades K-12 have been developed by 
groups such as the National Science Teachers Association with support from 
DOE. These include solar energy experiments, infoimation on energy 

conservation practices, and information on the role and importance of energy 

in our society.** 
t 

A second type of f^eneral education program is the more advanced, continuing- 
education course for persons involved in public interest groups, policy 
development and analysis, and social research. Such programs provide general 
energy information ^plus information about the technical characteristics of 
various solar energy systems, the costs and benefits of the- systems, and the 
effects of various policy options on solar energy development. The form of 
these programs is usually confefLMUie sessions or workshops. 

A third type of general education effort Is the development of Instructions, 
pamphlets, and books for do-it-yourself solar energy systems. Essentially, 
this provides a short training course In a- .'mbly. Installation, and repair 
for the person with K^neral technical abilities. This body of " sel f-t rained , 
one-time" solar builders is Ignored, in many training analyses, but may be 
important in terms ot the number of Installations. 

Courses which combine aspects of these last two typ^ of general solar 
education are offered at the Weston Center for Open Education, located at the 
Cambridge School In Weston, Massachusetts. Several non-credit courses are 



*Although Information dissemination Is closely linked 
to the general education functions, we will not specifically 
address it in this paper. A useful presentation of Information 
dissemination issues and an evaluation of DOE programs in that 
area are presenti'd In A Critical Review ^f Onjj^oinjg and^ Planned 
Gove rnmejitj-J^upj[)or ted Solar Hner^jy TcUnology Trjmsjejr Programs , 
VolV 1-Re'port , MTrRK/MKTKKK, December 1 97 7 ,^ M7 7- I 2 1 , DOE/A04 1-77/ 1 . 

**1)()K energy educat if>n |)iihli(:at ions are available tree ot cliarge from 
the U.S. Department ot KiU'r>',y, Ti>chiiU:al I n t o rma t i on ('enter, P.O. 
Box f)'/, Oak Ri(iK<', lV^^es^;.M' MH\[) - 
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offered fJr anyone interested in solar energy — e.g., homeowners, architects, 
buil'clers, and trades technicians. Seven , courses , most consisting of seven 
two-hour sessions, are taught by two professional engineers with new classes 
begitihing every eight weeks* Enrollment averages about twelve students per 
course; between 400 and 500 people have taken the solar courses at the Weston 
Center since the program's inception four years ago [28] • Three of the 
courses are involved with theoretical aspects of solar systems: "Basics of 
Solar Heating," "Introduction to Solar Heating," and "Advanced Studies in 
Solar Heating." Two other courses concentrate on design aspects, "Solar 
Heating System Design I & II," and "Designing Your Own Solar System." The 
last course is entitled, "Social Aspects of Solar Heating." 

Another private institution with .a somewhat different approach is 
Cornerstones, or the Wing School of Shelter Technology, in Brunswick, Maine. 
A school for owner-builders , Cornerstones offers two three-w,eek courses , "New 
House Construction" and "Retrofitting Existing Houses." ' Both courses 
emphasize the inclusion or addition of energy-conservation measures and 
passive solar systems in homes considering variables such as site and climate 
inf omation , insolation, and availability of various mechanical systems. No 
previous experjLence in home design or construction is required to enroll. 
After completing either "basic" course, those planning to build homes in the 
future can enroll in the Design Workshop, or in a fourth course which provides 
hands-on carpentry experience. Each of these advanced courses also emphasizes 
passive solar systems. Enrollment has numbered as high as 40 students per 
course, with a total of approximately 500 to date [29]. 



5,2 PROFESSIONAL SOLAR ENERGY EDUCATION AND TRAINING 

The second broad category is education and training for professional careers 
in solar energy. Programs include courses offered by higher education and 
continuing education institutions, workshops, conferences, and short-courses 
offered by industry or union groups. The programs teach the principles of 
solar energy systems and the problem defining and solving skills needed by 
solar energy professionals. The types of people involved include research and 
development personnel , architects , urban jplanners , system designers, and 
engineers. These persons need some degree of technical expertise in solar 
energy techhology, but also need a broad educational base to be professionally 
accepted. 



5,2.1 Degree Programs 

A bachelor of science degree program has been developed at Colorado Technical 
College in Colorado Springs (B.S. in Solar Engineering Technology). The first 
two years of the program are solar technician training leading to an Associate 
Degree in Applied Science, while the last two years focus on mechanical 
engineering technology [30]. 
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The suggested sequence of study combines courses in physics, mathematics', 
business, and applied science, including topics such as solar system design, 
heat transfer, thermodynamic fluid mechanics, and heating, ventilation and 
cooling (HVAC) design. Although the mechanical engineering technology of HVAC 
systems is emphasized, the program is "rounded out" with courses such as 
report writing, statistics, personnel management, business law, and U.S. 
history. 

The two-year associate degree program is intended to prepare enrollees for 
employment as "solar technicians," while the four-year bachelor's degree 
provides students with the background required for work in "solar engineering 
technology." About 100 students are currently enrolled in both programs, 
which are in their fourth year of instruction [31]. 

Also in Colorado, a bachelor's degree in Energy Science is among the programs 
offered by the University of Colorado in Colorado Springs. This program 
combines courses in several disciplines: engineering, physics, chemistry, 
mathematics, economics, geology, and various elective topics. In fulfillment 
of the degree's requirements, students may take the courses, "Solar Energy I 
and II," which attract average yearly enrollments of about 150 and 60 
students, respectively [32]. The first is a lower . division, "nuts and 
bolts"-type course, where different examples of solar collectors are 
constructed and analyzed. The, upper division course is more theoretical, 
covering aspects of heat transfer and. storage systems, among others. In 
addition, about 25-30 students—primarily from the upper division— are 
employed for 10-20 hours each week at the Education and Research Facility for 
Energy Science (ERFES), a solar energy research installation near the campus. 
The' facility operates several research 'experiments, including eight water 
collectors, eight concentrating trac^ting collectors, fifteen air collectors, a 
solar • greenhouse and ma^chine shop, and weather-monitoring equipment, with 
plans to construct a passive solar testing facility sometime during the next 
year [33]. 



Thirty-Six universities offer graduate programs or curricula in solar energy 
areas. The solar graduate program at Arizona State ' University requires one 
year of course work plus a thesis. The degree is a Master of Environmental 
Planning within the College of Architecture, and may ftave a concentration in 
solar architecture or solar technology. The University of Texas at Dallas 
offers a Ph.D. and an M.S. in Environmental Sciences with a specialization in 
solar energy. The solar curriculum is composed of si:^ solar energy or general 
energy courses. Students are trained for positions as researchers or solar 
engineers. The College of Engineer ihg at Oklahoma State University in 
Stillwater offers a program in electrical engineering with an emphasis in 
energy. Ten courses are offered in energy systems, solar energy, and 
alternative energy systems. Students may receive a Ph.D, M.S., or B.S. with 
the energy emphasis. ' 
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5«2.2 Solar Energy Courses 

A niimber of other schools have developed individual courses on solar energy 
systems and technologies for their students. For example, the Solar Energy 
ApplicatioAs Laboratory at Colorado State University in Fort Collins has 
developed two courses in, solar heatiing and cooling of residential buildings, 
ti-tled ;\pi?8ign of Systems" and "Sizing", Installation, and Operation of 
Systems". Primarily intended for professionals and tradesmen in the home 
building industry, the courses may ultimately be implemented nationwide to 
equip practitioners with the fundamental skills necessary to design, install, 
and maintain residential solar systems. 

The CSU courses were prepared after an assessment of standards and needs wks 
developed in association with architects, engineers, HVAC trademen > and 
builders. The courses were developed by the Solar Energy Applications 
Laboratory, CSU vocational education specialists, and the National Association 
of Home Builders (NAHB) Research' Foundation, In,c., of Rockville, Maryland. In 
addition, guidance ia the orientation and content of the courses was provided 
by a national advisory council, whose members included engineers, architects, 
educators, home-building practitioners, and government representatives. 

* 

Each course's modularized structure allows for latitude in the order and 
length of presentation, providing enough flexibility to offer either short, 
concentrated classes or extended evening sessions. At Colorado State, for 
example, the design course is taught in five continuous days. 

At the University of New Mexico in Albuquerque, two three-credit courses are 
offered by the Department of Mechanical Engineering, titled "Application of 
Solar Energy to Engineering Systems," and "Solar Energy System 
Design/Analysis;" The first course involves an "engineering analysis of 
applications of solar energy," including their ±xitegTai::T^5^''^'iys^ existing 
conventional energy systems. The second course analyzes "dyna^iic thermal 
systems and use of the results for design of engineering systems, including 
those using solar energy" (course descriptions). Also, students may rf urther 
their studies of solar applications in the courses "Undergraduate Problem'' and 
"Graduate^Problem. " 

Two three-credit courses are conducted by the College of Engineering and 
Technology at Northern Arizona University in Flagstaff: "Solar Energy 
Technology" and "Solar Engineering Analysis and Design," both for engineering 
students. In the first course, basic concepts of heat^ transfer, solar 
collectors and energy storage systems are reviewed, including examples of 
electric power generation, "high-technology" houses, and solar heated 
buildings. An elementary project \\\ solar system ^desiga is also required. 
The second upper level course is somewhat more theoretical, covering topics 
such as absorption refrigeration and cooling, heating and cooling design, and 
computer applications (including system performance optimization). 
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In the Southeast, a graduate course entitled "Solar Energy Engineering" is 
presented to about 30 students each semester by the Department of Mechanic^al 
Engineering at Georgia Institute of Technology [34]. To date, approximately 
150 graduate students have taken the course, which 'covers analytical aspects 
of solar design, modelling of solar processes, performance analyses, and solar 
system integration/control. ^^^^^^^"^^^ 

5.2.3 Continul^ Education 

Continuing education efforts (short courses and workshops) are particularly 
useful for practicing engineers, builders, and others. For professionals with 
little or no experience in solar heating and cooling, Georgia Institute of 
Technology offers a concentrated, three-day program through its Department of 
Continuing Education, "Solar Heating and Cooling for Homes and Buildings,." It 
is designed to familiarize people with a bachelor's degfee in sciencev or 
engineering (or the equivalent background) in the soJ.ar state-of-the-art, 
emphasizing the technical and economic aspects of various systems. 

At tl>e University of Alabama in Huntsville, the School of Continuing Education 
offe^j^^a course in "Solar Heating and Cooling," also requiring a bachelors 
degree (or equivalent) in engineering or a related area. The course 
encompasses a survey of current technology in solar space heating and cooling, 
a review of applications, weather data and economics, and a discussion of 
performance analysis techniques. 

The University of Alabama also offers two evening continuing education courses 
for engineers: "Solar System Analysis: Part I (Heating System Performances) 
and Part II (Subsystem Performance)." The first course introduces the 
principles of performance estimation and economics of solar heating systems, 
with an overview of collector performance estimation, storage system sizing, 
and calculation of solar flux. The second course involves a study of solar 
subsystems, including liquid and air storage systems, heat exchangers, solar- 
assisted heat pumps, etc., emphasizing subsystem performance calculations. 

In Philadelphia, Drexel University's Continuing Professional Education 
Department offers a noncredit course for practicing engineers and qualified 
HVAC journeymen, titled "Solar Heating and Cooling." In providing students 
with a working knowledge of solar fundamentals, applications and techniques, 
topics covered include a historical overview of solar systems, solar 
radiation, collector design and perf ortnance , system design, economic analysis, 
and a design workshop^ that analyzes enrollee'a proposed applications. 
Computed programming is used to analyze system cost and performance, which 
limits the class size to about 25-30. As of summer 1978, about 150 people had 
j^rticipated in Drexel' s program. 

"Solar Energy Thermal Processes" is a five-day short course offered at the 
University of Wisconsin in Madison. The course is intended to provide 
engineers and architects with a working knowledge of thermal processes in 
s/jylar energy utilization, assuming previous experience in the area of heat 
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transfer and theii-modynamics. Through a combination of lectures and problem- 
-solving tutorial sessions , participants cover aspects of solar r*diation, 
T^pllector design and performance, storage, units and components, methods of 
princess system analysis, applications to thermal energy requirements of 
buii<iings, industrial processes, and the cost of solar pVt>cesses. Computer 
programs for predicting thermal performance and life-cycle economic 
assessments are us^d. 

At the University of Connecticut in Storrs, a three-credit graduate course for 
engineering students and professionals is offered^ one everting per week, 
topics of study include the technology and economics of solar energy 
conversion, collector design and performance analysis, heat tryisfer and 
energy^ storage, and design of solar water heating-space heating-cooling 
Systems. Although the course is presented at the main (Storrs) campus, 
classes are also broadca^st via television to five branch campuses equipped 
with a special talk-back%system. 

Other solar courses in Connecticut are available through the Hartford Graduate 
Center's Environmental Science and Technology Program, paralleling its 
Master's Degree in Environmental Science. Three noncredit courses are 
available on either a semester or short-course baais for professional 
engineers, architects, builders, and HVAC tradesmen, titled "Solar Energy, for 
Buildings," "Advanced Solar Energy System Design," and "Solar Energy System 
Selection, Installation, and Maintenance." The first course ent^iils the 
evaluation of existing structures, proposes solar systems, and then determines 
economic feasibility. The second course involves designing a working system 
from component parts, while the third provides an overview of installation and 
maintenance requirements for various systems. About 500 people have enrolled 
in all three courses, which have been offered for about 
two and one-half years [35]. 

Among the many summer conferences presented in 1978 by the College of 
Engineering at the University of Michigan, two were designed for engineers, 
architects, urban planners, contractors, energy consultants, and others 
interested in energy management and utilization. Ti tied /'Solar Energy for 
Heating and Coolin§--Commercial and Residential," and "Solar Energy 
Measurement and Instrumentation , " both short-courses were comprised of five 
days' lectures, informal discussions, workshops, and laboratory sessions. A 
degree (or the equivalent experience) in engineering, science, or architecture, 
was desired, but not necessary to participate. 

The first short-course emphasized the engineering and architectural aspects of 
solar heating and cooling systems, but included discussion of other solar 
applications as well. Lectures were presented on topics including engineering 
systems, economics, and system design considerations, both for new and 
existing structures. The solar measurement and instrumentation course 
provided a familiarization with the. physical principles of solar and infrared 
radiation, specified measurement techniques, and data evaluation. 
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Three other short courses are available from the Center for Management and ) 
Technical Programs, Division of Cont;inuing Education, at the University of 
Colorado in Boulder. "The Practical Design and Economics of Solar Heating and 
Coolilig Systems" is a three-day seminar offered several times a year, for 
architects, contractors, and planners interested in the ^basic principles and 
applications of solar systems. Course topics include fundamentals of solar 
radiatign and heat transfer, methods of' solar energy collection and 
utilization, and solar heating-cooliagfair conditioning of buildings. With an 
emphasis on practical *appiicati6ns , students learn how to size system 
components, design control operations, architecturally integrate solar 
collectors, perform economic analysis, and summarize maintenance 
requirements ^[ 36] • /. 

Another seminar hfeld at the University of Colorado is titled "Industrial and 
Commercial Applications of Solar Energy." This course, which requires a 
degree in science or engineering (or experience) , emphasizes ^nonresidential 
process heat apjJlications and addresses various aspects of concentrating 
collectors, thermal systems components, conversion systems configurations; 
performance predictions, economic analysis > and performance optimization. 
After completing the course, students are able to determine the feasibility of 
alternative processes in various applications, evaluate ' system economics on a 
life-cycle basis, and carry out a solar system's schematic design [36]. 

Finally, a three-day advanced course is a^ilable, also at the University of 
Colorado, which requires a degree in science , or engineering, solar engineering 
experience, or a previous course in solar design. Titled "The Technical 
Design of Solar Thermal Systems for Buildings," the seminar m^kes use of 
computer aided design methods and modeling, via an illustrative design problem 
supervised by the faculty. Other topics are: principles of heat transfer and 
optics, flat plate and advanced collector performance, systems analysis, and 
economic considerations. 

In the Pacific Northwest area, the Northwest Solar Institute of Long Beach, 
Washington, offers three-day seminars on bas^^c solar energy topics. 
Emphasizing the basic concepts of solar systems and their practical 
application, the sessions consist of lectures on solar heating and 
cooling/domestic hot water system, design factors, architectural implications, 
site planning, heat loss, solar collector heat gain calculations, and various 
types of storage systems. The seminar is designed for an audience of 
architects, engineers, contractors, and designers, as well as homeowners, and 
is currently offered once a month. 



5«2.4 DOE Workshops 

DOE has sponsored or participated in several workshops for practicing 
engineers, contractors , etc. , three examples of which were held during the 
winter of 1978. One of these consisted of a series of seven one-day workshops 
held at universities in the North Central states from January to May, entitled 
"Design for the Sun." Prepared by the Solar Store of Peoria, Illinois and 
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supported' by> DOE funds, the conference toured the different universities to * 
brief ^ audience of architects, engineers, contractors, and HVAC tradesmen in 
aspects of solar technology and design. Accompanying the^ workshop was an 
exhibit of award-winning solar home designs, the product of a competition held 
in- 1977 by the Illinois Committee 'on Energy and- Architecture. The consbrtium 
of universities that was established also led to a greater degree of 
cooperation in developing solar curricula for architecture, engineering, arid 
design students. 

Each university developed its own program, although the pther universities 
provided input, and acore of three speakers attended each session. In total, 
nearly 2,400 individuals participated in the series. The success of these 
conferences encouraged the development of another set of conferences focusing 
on passive solar energy, tentatively to be offered in the fall of 1978 [37]% . 

During February and March, 1978, DOE conducted four two-day introductory 
workshops on ^solar heating and cooling installation in the Northeast. The 
course was presented by engineers from the Honeywell Energy Resources Center, 
, using materials? developed by the, Solaj Energy Applications Laboratory at 
Colorado State University. Designed 'for architects, engineers, HVAC 
contractors and builders, the -sessions provided instruction on topics. such as 
collector systems, design and sizirfg methodology, economics of solar systems, 
and passive design. In addition the Transportable Solar Laboratory toured 
with the workshop, exhibiting collectors, components, and other solar 
equipment currently available. 

The third example of DOE-af filiated workshops was held in San Francisco, 
February 15-19, 1978. Titled, "The Use of Solar Energy for the Cooling of 
Buildings," this seminar was primarily intended for researchers, government 
and public utility representatives, product development engineers and 
manufacturers, as well as other interested individuals. The lead DOE agency 
for the seminar was the Conservation and Solar Applications Research and 
Development Branch, which provided the forum for discussion of the present 
status, problems, and future of solar-cooled buildings. 

t ' ' ' 

5.2.5 Industry Programs 

Industry groups have also been involved in the development of educational 
materials and courses for training' professionals in solar heating and cooling. 
As an example, in 1974, Bell & Gossett ITT Installed a complete solar heating 
and cooling system at its Morton Grove, Illinois training facility. Fully 
instrumented to furnish data for ongoing research, the system also provides 
harids-on experience for engineers, contractors, HVAC tradesmen, and others who 
participate ia/ the classes held there throughout the year. In addition, as a 
by-product of the data obtained from its research. Bell & Gossett ITT has 
prepared and published its "Solar Heating System Design Manual" for engineers , 
architects, 'builders, and students. This technical publication covers types 
of solar Systems and flat-plate collectors, design examples, building heat- 
. loss calculations, and a description of the Bell & Gossett ITT hydronic solar 
heating/cooling system. 



AnofiUpr, more specialized applicat,ion and installation manual hafs T 
compiled by ; the Fedders Corporation of Edison, New Jersey, for its Split^ 
System Heat P^ump and Solarflex Collector System. This^ manual was prepared for, 
Fedders cotttrai^rs and builders;, and providers them with retfommended minimum; 
operating requireme.nts for the solar-assisted heat pump, including methods ox ^ 
calculating heating requirements and installing collector panels, 

Fedders also prepared a "l^ill of Materials and Preliminary Cost Estimator" for 
its Solarflex system, to aid its .dealers and contractors in selecting and 
pricing component materials reqhirdd for installation, . The bill . includes a 
ten-page item-by-item ' list 'of those components and est imate4 person-hours 
required to determine the! total >cost of a solar-assisted heat pump swfeem. 



Among the companies specializing in solar heating and cooling systems, Solaron 
Corpbrati6n of Denver, Colorado, has published a design manual " intended for 
architects and mechanical engineers. Included in the manual are a gen6.ral 
description of the Solaron system, component and system performance data, 
sizing and design considerations, and a discussion of operating Wnd 
main^nance requirements. Figures and tables provide additional informat^pn 
on collector performance, sizing curves, solar radiation, etc., includtqg 
several worksheets to aid calculations. 



Solaron also ^^onducts bimonthly training seminars for architects, engineeri 
and Solaron distributors dnd dealers, with an averagH attendance of abou|: 
30 [38], The three-day session provides instruction in systems applicattonst; 
installation and start-up procedures, sizing, organization and design, selling 
techniques, and solar collector/system theory, supplemented with field trips 
to Solaron installations [39]. 

Another education seminar which has been held for nearly five years is offered 
by Thomason Solar Homes of Fort Washington, Maryland — inventor of the 
"Solaris" system. Nearly 400 people from various backgrounds and inter 
have participated in the two-day sessions, scheduled every four weeks. The 
course provides basic instruction in the design and installation of "SoJ.drts" 
systems through the use of filmstrips, transparencies, field trips^^and 
question-and-answer periods. The seminar furnishes a background for tl^se 
interested in applying for the two-year ^oi^itis license. At present, .t;;here 
are about 24 licenses nationwide, each of wiiom is required to pay a royal*ty to^ 
Thqmason Solar Homes [40]. 

5.3 TECHNICIAN TRAINING * 

Educational institutions, unions, industry ' groups , and state organizations 
have developed and offered technician training programs. f'ersons 
participating in the program may have just a high school degree or may be 
experienced HVAC workers. The courses generally focus on sizing, 
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installation, and servicing of residential and aommercial energy systems, 
rather than on manufacturing skil^ls^it-- 



5.3*. 1 Degree Programs and Courses ^ ^ 

A number of educational institutions offer priBJj^ leading to associate 
degrees in solar technology. One of the most (comprehensive programs currently 
available is that offered by Colorado Technical College of Colorado Springs', 
in Solar Engineering Technology. The private, four-year school offers an 
Associate in Applied Science and the Bachelor of Science (previously discussed 
in section. 5.2. 1) . The two-year associate , degree program is intended to 
prepare enrollees for- employment as "salar technicians". 

Another^ institution o.ffer#^an associate degree in solar technology is San 
Jose City College in San J^l, California. This program is designed to equip 
HVAC students with solar skills. Instruction is provided in air conditionjtng 
and refrigeration theory, design, installation, and maintenance of solar 
systems. In additi^on to physics, mathematics, and computer theory, elective 
courses may also be taken in history, government, English, speech, and ethnic 
studies. Two strictly solar classes, focusing on residential and industrial 
applications, had , a total enrollment of nearly 70 students dui;ing the 1977- 
1978 academic year, with eight other students attending a solar special 
projects course [41]. 

San Jose's Associate Degree requires 64 units of credit over four semesters. 
For those desiring a less comprehensive program, the college also offers a 
one-year certificate of achievement degree requiring only 30 units of credit. 
Students can thus receive the bas:^^^ instruction in ait conditioning ^nd 
refrigeration principles, hydronics, and solar applications without taking the 
mathematics^, physics, or elective courses required for the two-year degree. 

The Community College of Denver also offers an associate degree program in 
^Solar Energy Installation and Maintenance at its Red Rocks Campus in Golden, 
? Colorado. Emphasising hands-on practical applications, the V^P^o^^^"^ 
designed to prepare sNzudents for employment in solar system installation and 
maintenance and to enlarge the background of those already employed in the 
-field. . 

Required courses include solar system design and panel construction, testing 
and evaluation, collector installation, maintenance, controls, passive solar 
systems, and introductory photovoltaic and wind energy applications. To 
supplement these solar courses, students also receive instruction in basic 
i plumbing and water piping methods, bricklaying, blueprint reading, and 
carpentry for construction trades, and basic sheet metal techniques. Fifteen 



*For a discussion of jobs involved in the installation of solar 
energy systems, see Solar Energy Task, Force Report: Technical 
Training Guidelines . October 1978. To be presented at the DOE 
National Energy Education, Business, and Labor Conference, 
January^ 15-17, 1979, Washington, D.C. 
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of the required 78 hours consist of math, English, or social science 
electives. Over l50 people are presently enrolled* in the course, including 
engineers, architect^, tradesmen, builders, and homeowners (homeowner 
builder^). Thus. far,, about 100 people have completed the nine-month 
program [41]. 

Four schools are presently involved in a joint project to develop an associate 
degree curricullim for solar technician training (Navarro College in Corsicana,. 
Texas; Cerro Cosa Community College in Ridgecrest,. California; Northlake 
College in Irving, Texas; and Brevard Community College in Cocoa Florida) . 
The project is being funded by grants from KRDA (now part of the Department of 
Energy) dnd the Texas Education Agency, with the development of materials for 
'labs and sections based on a solar task analysis which was previously 
completed by Navarro College under contract to DOE. ^.i. 

Utilizing a prototype-version of the curriculum, Navarro College expects to 
offer a one-year certificate degree program in solar installation during the 
1978-1979 academic year, for an audience with little or no experience in 
conventional heating systems [42]. The two-year associate degree curriculum 
will probably be offered in the fall of 1979. It is designed to train "solar 
engineering technicians and pairaprof essionals" . The curriculum is intended to 
.serve as a foundation for other community colleges wishing to implement, a 
similar program. 

Mohawk Valiey Community College in Utica, New York, is offering a course^ in 
basic sol^ installation-maintenance-repair as an adjunct to its heating and 
an air conditioning program. Scott Comlmunity College in Bettendorf, Iowa, has 

^ developed an eight-quarter curriculum titled "Solar. Energetics Technology." 

^ TKe basic HVAC prog'rath is extended to encompass applications in solar energy, 
training students in solar design, installation, and maintenance. There are 
about 26 students in the present class (September ,1978) [43l. 

Finally^ a three-credit technical elective in Solar Energy Architecture is 
offered in fulfillment of requirements for an assi^ociate degree in 
Architectural Tec^hnology at William Rainey |arper College, located in 
Palatine, Illinois. This is a fundamental course that surveys the various low 
temperature applications of solar energy by examining principles of solar 
radiation, climatic data, heat loss calculations, various collector systems, 
solar costs, and design problems. 

5.3.2 CETA ^ograms 

Several CETA-tunded solar technician training programs have already been 

# implemented, principally in California. One of the earlier experiments was 
conducted during the summer of 1976 at the San Jose Branch of the Center for 
Employment Training, which offered a course in building maintenance for 3?7 
former migrant farm-workers. A grant of $42,000 from the California Energy 
Resources and Development Commission and the State Governor's CETA 
discretionary fund enabled the trainees to apply their skills, fabricating and 
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installing solar hot water systems in 30 housing units and four other 
buildings [44]. The panels made were simple and inexpensive, but after 
completing the course students- were eligible for jobs as solar mechanics, with 
training in solar^ system installation, maintenance-, and repair. ^ 

Another CETA-funded programJ is offered by California State University at 
Sonoma (formerly Sonoma State College) which has . conducted its .Solar 
Technician Training program since L976. The curriculum combines classroom and 
hands-on training in solar; technology' and^ business management. The program 
has been asked by the California Office of ^ Appropriate Technology to provide 
educational guidance for solar training programs throughout the state [45]. 
Aimed at the unemployed and underemployed population of Sonoma County, the 
program's enrollment is limited to 16 students per session, selected from over 
150 applicants. Of the 32 students who have completed the course to date, 30 
are reportedly employed in the solar energy field [46].' 

Over two semesters, students receive • instruction in solar design, collector 
sizing and installation, and economic feasibility computations. Other courses 
in physics, .small business management, algebra, and trigonometry are also 
required. On-the-job training for the 1976-1977 class entailed the 
incorporation of active and pas^ve heating ^Vstems into a 500 square foot 
alternate energy* center located on the Sonoma campus, where three student- 
designed-built-installed collector panels are continuously monitored. 
Following a comprehensive final examination at the completion of the course, d 
certificate degree is awarded to each graduate, who is then qualified for 
employment as an installer, salesperson, consultant, or a' variety of other 
solar-relate^ positions. In some cases, CETA funds are available to -defray 
the initial cost of employment. 

Also in California, the Office of Appropriate Technology (OAT) and the Office 
of the State Architect (OSA) offered its Solar* Technician Program in two 22- 
week sessions from November 1976 to October 1977. Funded primarily through 
the Sacramento-Yolo Cpunty CETA Office, the course was limited to 18 
unemployed and underemployed men and women from the area [47]. 

During fti^ first IQ^weeks of the course, participants received classroom 
instruction in solar theory, system design, and economics, in addition to 
basic training in plumbing, electrical, and carpentry skills. The next 12 
v^eeks provided hands-on experience in the design and construction of seven 
retrofitted systems, including solar hot water installations on a state office 
building and Governor Brown's apartment. 

According to one of the training supervisors, the pilot program's trainee 
\ could be categorized somewhere between solar mechanics and technicians, as 
\ determined by the quantity of theorej^ical knowledge that they possessed. It 
\was concluded from the program experience that 22 weeks to train a solar 
'technician was insufficient, recommending- 10~14 months of concentrated 
instruction or a two-year junior college curriculum instead [47]. OAT is 
/ currently developing a comprehensive training curriculum for solar meahaftics, 
technicians, and engineers, to be supervised by OAT and implemented .tj#^ 



California commupity colleges vrherever the demand arises. Intend^ for 
unemployed and Underemployed individuals, the solar mechanic curriculum wiJH 
prol^ably a two-semester program • leading to certification in solar systfem 
installation and maintenance. The solar technician program will probably 
require an additional year's training at a community college, to equip 
students with skills in system sizing and design. With further training, 
those qualified . in troubleshooting would be categorized as "solar 
engineers'* [48\. 

5.3.3 Union and Industry Programs 

For those unable to ^participate in other training programs, an accredited 
correspondence course — "Fundamentals of Solar Heating" — is currently providing 
mail-order instruction in solar technology for HVAC-industry employees. The 
course is a joint effort of the Sheet Metal and Air Conditioning Contractors 
National Association (SMACNA) and the North American Heating and Air 
Conditioning Wholesalers Association (nHAW) , developed by the NHAW' s Home 
Study Institute of Columbus, Ohio, and funded by a grant from DOE's Solar 
Technology Transfer Program [49]. Based on materials provided by the Solar 
Energy Applications Lab at Colorado State University and publications from DOE 
and HUD, the program is intended to vc'onve)!: the essential informatiob needed by 
heating and air-conditioning contractor/ to size, install, and service 6olar 
systems. 

N'he structured course consists of eleven lessons over a period of 10-12 weeks, 
with topics including: an overview of solar heating and cooling systems, 
solar radiation, collectors, heat stotage-#^<mtrbls and accessories, sizing of 

•components, operation of systems,^ domestic water heating, installation, 
servicing, and legal responsibilities. A working knowledge of heating and 
cooling fundamentals, duct and pipe sizing, and basic conventional system 
design^is assumed. 

To broaden the impact of the course and increase the completion rate, DOE 
initiated an "outreach homework assistance plan" to be administered by five 
nati-onal laboratories: Lawrence Livermore Laboratory, Livermore, California; 
Oak Ridge National Laboratory, Oak Ridge, Tennessee^" Brookhaven National 
Laboratory, Upton, New York; Sandia Laboratories, Albuquerque, New Mexico; and 
Battelle Pacific National Laboratory, Richland, Washington [50]. 

the completion of a second SMACNA course , the- Better Heating and Cooling 
Program ,qualifies contractors to offer ^ three-year solar system performance 
warranty, underwritten by the participating contractors [51]. 

Another example of private-sector activity in technician training is the A 
week, 160 hour Solar Heating Installation and Maintenance course conducted by 
the New England Fuel Institute of Water town, Massachusetts. Emphasizing 
practical applications, this program assumes no previous technical or solar 
experience, although enrollees ^should be high school graduates or licensed in 
a trade (plumbing, HVAC, etc.).' The course is intended to provide the-basic 
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theory and applied training required to Install and service solar systejns. 
Approximately 100 of the 160 hours Xx\ the program are devoted to practical 
laboratory Instruction, with the remainder of the time spent in a classroom. 
Special emphasis is placed on the integration of solar equipment into new and 
existing oil heat ing , systems [52]. 

The course reviews various technical and mechanical aspects of solar 
installation and maintenance, including basic concepts, installation 
techniques, system testing, troubleshooting and servicing, , business and 
financial considerations, and current industry developments. The discussion 
of different types of solar systems , of both the air and water-type is 
oriented toward equipment of the leading solar system manufacturers. The 
program has been supplemented by field experience gained through the 
installation of over 100 solar installations throughout New England, made 
cooperatively by the In^t^tute and qual if ied-member oil heating firms or NEFI- 
member companies. 

The class is offered six times a year. Enrollment is limited to 15 students 
(usually averaging aboi^^t ten) most of whom are from Massachusetts and other 
Northeast states, with' some from states as distant as Louisiana and 
Arizona [ 53 ] . 

5.4 SOLAR INDUSTRIES INFRASTRUCTURE TRAINING 

Training programs for persons in the solar industries infrastructure combine 
aspects of a general education program and a limited technical program. These 
persons include sales, marketing and service managers in the solar industry; 
utility company planners and managers; distributors and dealers; real estate 
developers and agents; and members of financial institutions. Persons in this 
category play particular roles in the technology delivery system for solar 
technologies. 

This area has received much less attention than the other education and 
training categories. These persons can participate in many of the short- 
courses, workshops, and associate degree programs, although much of the 
technical content may not meet their needs. They may participate in solar 
training programs developed by solar energy firms. Or, they_ may^ be expected 
to acquire their solar knowledge on the job.. Discussions are needed with 
industry representatives to determine the training options and the company 
characteristics influencing the type of training used. 

Two programs which were discussed earlier with the professional courses 
, specif ically include distributors dealers , and sales personnel. These are 
the Solaron bimonthly training sessions and the "Soi.uis" system seminar for 
those wanting a distributors 1 icense . In addition , the two Fedders 
Corporation manuare discussed earlier are directed at dealers, sales 
personnel, contractors and builders. A number of the CETA technician training 
programs in California also train individuals in sales and consulting jobs. 
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SECTION 6.0 
CONCLUSIONS 



This paper is meant to provide a basis for analysis of the labor force supply 
questions in the solar energy field by (1) identifying the role of education 
and training in the diffusion of new^ technologies such as solar energy 
systems, and (2) defining^ issues important ta developing and evaluating 
education and training policies and programs> 4 # , 

Four perspectives on diffusion research were reviewed in order to build on the 
knowledge gained from existing studies of the diffusion of technological 
innovations. The adoption and development perspectives were shown tan be 
relevant to developing' general education programs aimed at potential adopters 
of solar energy systems and to identifying possible causes of resistance. The 
market and infrastructure perspective and the economic history perspective 
address the institutional mechanisms for and barriers to diffusion of a 
technological innovation. As such, they implicitly include the education and 
training of people involved in the production and delivery of the innovation. 
In addition, the economic history perspective explicitly considers the skills 
of the users and- the skill in machine making. These two perspectives and the 
current attempts to define the solar .energy technology delivery system (TDS) 
illustrate . the importance of education and training in diffusing a technology' 
and identify the various types of persons to be reached by the education and 
training programs (e.g., installers, building tradesmen, real estate 
developers, loafi officers, utility company planners). _ 

Five basic issues are raised and discussed in Section 4.0. The first issue is 
whether ther^ is a need for more programs and, if so, of what kind. The 
examples cited, in Section 5.0 illustrate the large number and variety of 
courses and programs offered by public and private institutions. These 
existing efforts provide a tvich source of experience for modifying and ^ 
developing curricula and programs and for evaluating whAf does and does, nmt, 
"work" in solar energy training. Such evaluations hav^ not yet been done, Wt 
are being facilitated by the information bases being developed by SERI , the 
National Solar Heating and Cooling Information Center, the Solar Energy 
Industries Association, and the International Solar Energy Society. 

In most cases, education for solar careers is handled by adding one or more 
courses to an existing curriculum or providing short-courses and seminars for 
practicing professionals. Special curricula or undergraduate or graduate 
programs in s6lar energy are less frequent (an example is the Colorado 
Technical College's B.S. in solar engineering technology). Technical training 
in solar energy ranges from single courses added to vocational and trade 
school or community college curricula to associate degrees (an example of the 
latter is offered at San Jose City College). There have been 'no broad 
evaluations to date of the quality of courses and programs, or of the mix of 
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programs. Nor has there been sufficient evaluation of the extent of solar 
training needed for professionals or technicians. The question of whether 
there are "enough" education and training programs to meet the possible longr 
term^ demand cannot be answered with the data available for this paper. 
Ongoing efforts by SERI to assess the employment requirements of solar energy 
(Analysis', and Assessment Division) and to determine the complete inventory of 
solar education and training programs and their yearly output of students 
(Academic Programs Branch) will enable a better assessment, of the adequacy of \ 
the present programs. The inventory of current programs should also 
contribute to answering whether we are producing a sho^j^^term surplus of solar 
workers or whether the individuals are being j^t^ra^rtfeST broadly enough to handle 
traditional HVAC or construction jobs until solar* jobs materialize. 

The information available to date indicates that the solar education and 
training efforts are reaching a wide variety of people in a number of 
geographical areas. Participants in solar courses and programs come from a 
Dumber of groups in society, including CETA eligibles , professional engineers, 
elementary school students, and homeowners. The geographical dispersion 
indicates that groups in all parts of the country are interested in solar 
energy. Persons in a wide spectrum of occupational groups are taking solar 
energy seriously enough to learn more about it through a course, workshop, or 
seminar. 

An analysis is not yet possible >>f whether present efforts in the four 
categories of solar education and training programs are balanced with each 
other and responsive to overall solar commercialization strategies^ A SERI 
pilot study of state-sponsored programs found an imbalance in the number and 
type of programs, with the residential user oriented programs outweighing the 
technical training programs [55]. This paper does not add to the analysis 
since only illustrative ^examples were included^. Again, the SERI data bases 
will allow analyses of this type in the future. 

The second issue is the role of the federal government in supporting the 
education and training effort in the solar energy field. Given the' range and 
number of existing programs, it does not appear that government encouragement 
is necessary for the development of courses and programs. There are a number 
of ways in which the federal government could play an important role, however. 
One of these is to continue to support the development of curricula and 
educational materials in order to disseminate information and technologies 
developed in federal research projects. A second is to provide overall 
analyses of the problems facing solar programs, especially availability and 
costs o£ materials and trained staff and to develop measures to reduce these 
problems. A third is to integrate the student count of the programs with -the 
long-term employment projections in order to anticipate labor shortages and 
surpluses. A fourth is develop me nanisms to encourage or ensure quality 
standards for solar energy training programs and for solar installation 
practices. The New England experience pointed out the importance of having 
standards for solar training and solar, installation. Installation problems 
are a concern to both manufacturers and purchasers of solar energy systems. 
The quality of training is also an important concern in deciding how solar 
energy technology* warranties are going to be handled. 
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The third issue is whether there are sufficient numbers and types 'of trained 
workers for the manufacture of the solar energy systems. As indicated 
earlier, the federal government has in most cases left those programs to 
industry. A" preliminary survey of solar energy companies [27] has not found 
the availability or training of basic manufacturing and fabrication skills to 
be a problem as yet. 

The fourth issue concerns the tradeoffs between expanding the capabilities of 
persoQs already within the HVAC field and training unemployed and 
underemployed persons as solar workers. Courses have been developed for union 
worker^ in sheet metal and HVAC trades, and also for CETA eligibles. No 
evaluation has been done of the importance of experience with conventional 
systems, of the role of unions in regulating the quality of installation, or 
of whether CETA trainees working in installation areas become affiliated with 
unions • 

The fifth -issue raised is the allocation of effort between training workers 
and training instructors. It is not clear from the information presently 
available how many of the participants in the various courses or programs 
become , in turn, solar instructors. Analyses in this area would have to 
consider th^ variety of^teaching experiences such as union apprenticeships and 
community seminars as well as academic courses. It is hoped that national 
surveys such as the SERI Solkr Energy Education Data Base can identify 
progiams specifically aimed at training instructors and can also determine 
wtiether there is presently a shortage of qualified solar energy instructors. 

This paper has tried to identify the importance of educational and training 
programs in the diffusion of solar technol3fles , illustrate the types of 
current efforts, and define policy issues of concern to program designers and 
managers. It is hoped tha(t the training and manpower studies of SERI's 
Analysis and Assessment Divi^on will provide information useful in evaluating 
these ongoing efforts and addressing the broad policy issues. 
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APPENDIX A 
COLLEGE AND UNIVERSITY 
COURSE AND PROGRAM DESCRIPTIONS 



Thisr: listing reflects only those materials and prqgrams referenced in this 
paper,, and is by no means a complete listing of the^ courses and programs 
avaii'kble/ Information on additional courses and programs can be found in the 
SERl l^ifl-ar Energy Education Data Base. 



(organized by state) 

■ ^. ■ . " * 

Alabama. « i 

School of Continuing Education, "Solar Heating and Cooling," Solar System 
Analysis: Part I Acting System Performances," and "Solar System 
-Analysis: ' Part II Subsystem Performance," Huntsville, Alabama: 
. " ' University of Alabama, course descriptions. 

Arizona • 



College of 'Engineering and technology. "TEC 210-Solar Energy Technology" 
and . "EGR 451-Solar Engineering Analysis and Design," Flagstaff, Arizona: 
Northern Arizona University, course outlines, conversation with Dr. B. W. 
Pavis, July 25, A 97 8. 

California \ ^ ^ ^ 

San Jose, Qalifornia: San Jose City. College , course master lists and 
course descriptions, conversation with Dr. Greg S. Ohanneson, Assistant 
De'an of Instruction, Occupational Education, July 1978. " 

Colorado « 

* - 

Center fo^r Management and Technical Programs, "The Practical Design and 
Economics , of Solar Heating and Cooling Systems", "Industrial and 
Commercial Applications of Solar Energy" and "Technical Design of Solar 
Thermal Systems of Buildings," Boulder, Colorado: University of 
Colorado, Division of Continuing Education, course descriptions. 

Colorado Springs Colorado : Colorado Technical College, Student Bulletin 
1,978 79 ; and conversation with Ed Christensenr, Chairman, Solar 
Engineering Department, July 18,^" 1978. 

Colorado Springs, Colorado: University of Colorado, Department of 
Physics.' and Energy Science, "^eparing for a Career in Energy Science," 
program description; and /Communication from Dr. Richard A. Blade, 
July 31, 1978. 
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Fort Collins, Colorado: Colorado State University, Solar Energy 
Applications Laboratory, "Solar Heating and Cooling of Residential 
Buildings: Design of Systerasl^and "Sizing, Installation, and Maintenance 
of Systems," Washington, D.C.: Superintendent of Documents, U.S. 
Goiwrnment Printing Office. 

^Golden, Colorado: Community College of Denver, Red Rocks Cflg|ipus , program 

outline and course descriptions; and conversation with Cfaig'' Hilton, 
August 4, 1978. 

Connecticut 5f 



Office of Credit Programs, Extended and Continuing Education, "ME 320. 
Special Topics: Solar Energy," Storrs, Connecticut, University of 
Connecticut, memo. 

Georgia 

Department^of Continuing Education, "Solar Heating and Cooling for Homes 
and Buildings," Atlanta, Georgia: Georgia Institute of Technology, 
course description. 

Department of Mechanical Engineering, "ME6360 Solar Energy Engineering," 
Atlanta, Georgia: Georgia Institute of Technology, course outline, 
conversation with Dr. J.R. Williams, July 20, 1978. 

Maine j - 

^y- 

Brunswick, Maine: Cornerstones Owner-Builder School, program 

description. ^ ^ * 

Massachusetts 



"1977-78 Solar Heating Courses," Weston, Massachusetts: The Cambridge 
School Program and course descriptions. 



Michigan 



College of Engineering, "Solar Energy Measurements and Instrumentation,' 
Ann Arbor, Michigan, summer conference descriptions, April 10, 1978. 



New Mexico 



Department of Mechanical Engineering, "ME 425 Application of Solar Energy 
to Engineering Systems" and "ME 525 Solar Energy System Design/Analysis"^ 
Albuquerque, New Mexico: University of New Mexico, course descriptions. 

Pe nnsylvania 

Colleges of Engineering and Science, "Solar Heating and Cooling", 
Philadelphia, Pennsylvania: Drexel University, course description. 
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Washington 



"Continuing Seminars on Solar Energy", Long Beach, Washington: Solar 
Northwest Institute (course description). 



Wis<:onsin 
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Department of Engineering, "Solar Energy Thermal Process", 
Madison, Wisconsin; University of Wisconsin-Extension, course 

description. 
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APPENDIX B 

INDUSTRY AND LABOR COURSE DESCRIPTIONS / 

c 

-This listing reflects only those materials^ and programs referenced in this 
paper, and is by no means a complete listing of the courses and programs 
available. Information on additional courses and programs can be found in the . 
SER-J Solar Energy Education Data Base. 

Fundamental of > Solar Heating , Vienna, Virginia: Sheet Metal and Air 
Conditioning Contractors National Association, Department of Energy Contract 
No. EG-77-C-01-4038, January 1978, (U.S. G.P.O., Washington, D.C.)w 

Solar Heating Systems Design Manual, Morton Grove, Illinois: Training and 
Educati^Dn Department, Bell & Gossett ITT Fluid Handling Division, Bulletin 
^ TESE-576 (1977). 

Fedders . Solarf lex Solar Associated Heat Pump Manual. Edison, New Jersey: 
Fedders Corporation, 1978. 

"160-Hour Solar Heating Installation and Maintenance Course", Watertovm, 
■Massachusetts: New England Fuel Institute, (promotional materials). 

Applications Engineering Manual ,' Denver, Colorado: Solaron Corporation, 
June 1977. 

9 

Installation Manual , Denver, Colorado: Solaron Corporation, June 1977. 

Columbus, Ohio: NHAW Home Study Institute (promotional materials). 

"Solaron' s Denver Training Seminar", Denver, Colorado: Solaron Corporation, 
memorandum and seminar schedule. 
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